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DESIGN  OF  /il-I 
AUXILIARY  GAS  PRODUCER  POWER  FLMT 
FOR  THE  UNIVERSITY  OF  ILLINOIS. 


INTRODUCTION. 

As  the  title  states,  the  object  of  this  work  is  the  Design 
of  an  Auxiliary  Gas  Producer  Pov/er  Plant  for  the  University  of 
Illinois . 

This  plant  is  to  operate  as  an  auxiliary  to  the  steam  pov/er 
plant  and  is  designed  to  furnish  pov/er  during  the  sumTner  or  at  any 
other  time  that  the  regular  plant  is  shut  dovm,  or  when  more  pov/er 
is  needed  than  can  be  furnished  by  the  regular  plant. 

Since  the  plant  depends  entirely  upon  producer  gas  for  its 
pov.'-er,  it  is  thought  v/ise  to  give  such  explo.nations  as  v/ill  make 
clear  the  theory  of  producer  gas  and  the  mechanical  construction 
of  the  producer  apparatus  and  its  operation. 

Desirable  sites  for  tlie  plant  were  carefully  looked  over  and 
their  advantages  and  dis-advantages  discussed. 

The  design  of  the  plant  is  largely  given  by  the  dravvings ,  but 
all  calculations  and  assumptions,  v/hich  •were  used  in  determining 
sizes  of  engines,  producers,  purifiers,  etc.  are  carefully  given. 
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I. 

THEORY  OF  PRODUCER  GAS. 

Producer    gas  is  obtained  by  the  incomplete  combustion  of 
fuel  in  the  producer.      If  plenty  of  air  is  admitted  to  the  pro- 
ducer, the  fuel  is  completely  burned  to  CO^  and  ash.  Hov/ever, 
by  limiting  the  supply  of  air  the  fuel  is  burned  to  CO  v/hich  is 
a  combustible  gas.      This  chemical  reaction  is  brought  about  in 
the  following  \7ay: 

The  fuel  in  the  bottom  of  the  producer  is  completely  burned 
to  COg.      This  gas  imparts  its  heat  to  the  fuel  above  bringing 
that  fuel  to  an  incandescent  state.      The  COg  coming  in  contact 
with  the  glowing  fuel,  takes  up  another  atom  of  carbon. 

GOg  +  G  +  heat  =  2G0. 
It  is  found  that  the  minimum  amount  of  COg  is  formed  v/hon  the  in- 
candescent fuel  is  at  a  temperature  of  about  1900°  F, 

In  order  to  increase  the  calorific  value  of  the  gas  and  also 
to  utilize  the  surplus  heat  of  combination,  that  tends  to  raise 
the  temperature  above  the  economical  point  of  1900°  F.,  it  is  now 
common  practice  to  add  a  certain  amount  of  moisture  in  the  form 
of  steam.      This  steam  on  entering  the  zone  of  high  temperature 
is  dissociated  into  2  H  and  0.      The  oxygen  (0)  combines  v/ith 
carbon  (G^  to  form  CO  and  the  hydrogen  (H)  goes  into  the  gas  as 
free  hydrogen.      The  equation 

HoO  t  C  f  heat  =  2H  ^  CO. 
represents  what  takes  place.      As  hydrogen  has  the  very  high  heat 
value  of  62000  B.T.U.  per  pound,  it  greatly  enriches  the  gas. 
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The  moisture  not  only  increases  the  value  of  the  gas,  but 
where  clinlcering  coals  are  used  it  helps  greatly  in  breaking  up 
the  clinker.      However,  it  is  just  as  essential  not  to  add  too 
much  steam  as  to  add  too  little,  for  an  excess  rapidly  cools  the 
fire  below  the  economical  temperature  of  1900*^  F. 
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II . 

LOCATION. 

The  site  for  the  plant  was  chosen  v/ith  these  three  ideas  in 

Viev7: 

1.  It  should  lie  along  a  railroad,  so  as  to  do  av/ay  v/ith  the 
hauling  of  coal. 

2.  It  should  lie  near  the  University. 

3.  It  should  be  large  enough  to  allov;  for  extension  of 
building  in  the  future. 

There  are  about  three  available  sites  fulfilling  these  conditions 

'a)  A  plot  lying  north  of  and  along  the  C.C.C.  c:  St.L.  R.R. 
tracks  betv/een  Romine  and  Wright  Streets . 

(b)  A  plot  similarly  situated  just  south  of  and  along  the 
V/abash  tracks . 

(c)  A  plot  situated  along  the  east  side  of  the  Illinois  Cen- 
tral tracks,  directly  v/est  of  the  Agriculture  Building. 

The  first  site  nentioned  is  the  most  favorable  of  the  three.  It 
is  sufficiently  large.      There  are  no  buildings  nor  trees  nor 
shrubbery  on  it.      It  can  be  easily  drained.      It  is  distant 
about  one  half  mile  directly  north  of  the  present  plant. 

The  second  site  has  similar  advantages  v/ith  the  exception 
that  it  is  occupied  by  three  small  houses  v/hich  would  have  to  be 
torn  down  or  moved  off.      There  are  also  a  number  of  trees  and 
some  shrubbery  that  v/ould  have  to  be  cleared  out.      The  land,  how 
ever,  is  higher  and  would  require  no  draining. 

The  third  site  is  about  a  mile  from,  the  present  plant  and 
has  the  further  disadvantage  of  being  lov/. 
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Any  one  of  these  sites  could  "be  used  for  this  plant,  but  the 
first  mentioned  site,  along  the  Big  Four  is  undoubtedly  the  best 
of  the  three  and  we  have,  accordingly , decided  to  locate  the  plant 
there . 


CAPACITY  OF  PLANT. 

The  capacity  of  the  plant  v/ithout  overload  is  to  be  525  ki- 
lov/atts  at  the  switchboard.      In  making  calculations  to  obtain 
this  horsepov/er  it  was  necessary  to  assume  that  a  direct  connected 
engine  and  generator  had  a  mechanical  efficiency  of  85%,  which  is 
about  the  efficiency  allowed  for  a  first  class  unit.       It  is  evi- 
dent from  this  that  at  least  700  I.H.P.  in  engines  v/ill  be  re- 
quired . 

To  supply  these  engines  three  producers  will  be  needed. 
Two  of  the  producers  should  be  capable  of  furnishing  enough  gas 
to  supply  two  200  H.P.  engines  and  the  third  producer  of  supply- 
ing the  remaining  300  H.P.  of  engines.      Two  No.  7's  and  one  No. 
8  R.  D.  V/ood  producers,  having  a  total  capacity  of  about  800  H.P. 
would  be  large  enough  to  run  the  engines,  when  they  v/ere  working 
under  a  maximum  load.      In  case  the  load  is  lip-ht  one  or  two  of 
the  producers  and  engines  can  be  easily  cut  out. 
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IV. 

TYPES  OF  PRODUCERS. 

There  are  two  general  tupes  of  producers  on  the  market  at 
present : 

1.  The  Suction  Gas  Producer. 

2.  The  Pressure  Gas  Producer. 

(1)  The  suction  gas  producer  depends  upon  the  gas  engine,  with 
\7hich  it  is  connected  for  its  operation.      The  stroke  of  the  en- 
gine makes  a  partial  vacuum  in  the  cylinder  and  the  charge  of  gas 
rushes  into  this  vacuum.      Gas  to  take  the  place  of  v;hat  has  gone 
into  the  engine  is  sucked  from  the  producer  at  the  same  time  and 
a  draft  of  air  is  created  up  through  the  producer.      This  air 
furnishes  the  required  amount  of  oxygen  to  the  burning  fuel . 
Thus  the  suction  producer  operates  automatically  to  supply  gas  as 
it  is  used  by  the  engine.      Hov/ever  the  great  dra\vback  to  this 
style  of  producer  is  that  it  can  only  gasifj^  such  fuels  as  yield 
a  very  clean  gas.      This  arises  from  the  fact  that  but  a  small  a- 
mount  of  purifying  apparatus  can  be  used,  as  the  drag  on  the  en- 
gine is  too  great  where  the  gas  has  to  be  sucked  through  much  pu- 
rifying apparatus.      The  suction  producer  is  therefore  out  of  the 
question  for  this  plant  v/here  Illinois  coal,  that  gives  a  very 
impure  gas,  must  be  burned. 

(2)  The  other  type,  the  pressure  gas  producer,  can,hov/evGr , 
i;    gasify  bituminous  coal.       It  does  not  depend  upon  the  engine  for 
its  draft,  as  this  is  supplied  by  a  fan  or  jet  blower  powerful 
enough  to  force  a  blast  through  the  producer  and  the  necessary  pu- 


rification  apparatus.      The  gas  does  not  enter  the  engine  direct- 
ly after  leaving  the  purifiers  but  is  turned  into  a  gas  holder 
under  pressure.      This  gas  holder  serves  the  purpose  of  a  storage 
tank,  and  it  also  keeps  the  gas  under  a  constant  pressure.  The 
engine  receives  its  supply  from  the  holder. 
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V. 

PRODUCER  SELECTED  FOR  PLANT. 

Ca)  REASONS  FOR  CHOICE  OF  PRODUCER.-  After  having  decided 
that,  under  the  conditions,  the  pressure  gas  producer  v/as  the 
type  that  was  needed,  it  was  necessary  to  select  the  particular 
nake  of  pressure  producer  which  would  satisfy  the  requirements  of 
this  plant.      It  was  rather  forcihly  impressed  upon  the  designers 
at  this  point  that  the  gas  producer  is  still  largely  in  the  exper- 
imental stage,  and  that  the  makers  themselves  are  not  very  cer- 
tain Y/hat  their  producers  can  do  in  actual  practice. 

ViThile  it  is  not  the  object  of  this  v/ork  to  advertise  any 
particular  type  of  producer,  yet  it  was  decided  after  looking  o- 
ver  many  makes  of  producers,  that  the  one  mianuf actured  by  R.  D. 
V/ood  &  Co.  of  Philadelphia,  Penn.  is  the  best  suited  for  this 
plant.      This  make  was  selected  mainly  for  the  several  reasons  as 
follows:   (a)  Automatic  Feed  Device,   (b)  Revolving  Ash  Table,  (c) 
Good  Purification  System,   (d)  Good  Performance  in  Actual  Use  and 
in  Tests . 

The  Automatic  Feed,  the  Revolving  Ash  Table  and  Purification 
System  will  be  described  later.      The  lant  reason  for  this  choice 
v/ill  be  discussed  somewhat  at  length  as  it  is  the  most  important 
and  the  only  reliable  means  at  the  disposal  of  the  writers  for 
gaining  any  accurate  information  of  the  perform.ance  of  the  produ- 
cer. 

The  first  test  which  \7ill  be  briefly  described  was  made  in 
1899  on  the  400  H.P.  Erie  Railroad  plant  at  Jersey  City,  N.J. 
This  plant  consisted  of  two  No.  7  producers  which  v/ere  of  suffici- 

_  _  — ^  — =  1 
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ent    capacity  to  operate  about  400  li.P.  in  Otto  Gas  Enffines . 
The  calorific  value  of  the  gas  generated  v/as  136  to  145  B.T.U. 
per  cubic  foot,  and  each  pound  of  coal  produced  about  85  cubic 
feet  of  gas.      The  fuel  which  v/as  a  rice  anthracite  thus  had  a  i 
heat  value  of  12000  B.T.U.  per  pound.      The  engines  gave  an  indi- 
cated horse  power  on  1.03  pounds  of  coal.      This  is  a  rather  re- 
markable performance,  but  v/ith  the  improvements  of  the  last  five 
years,  this  producer  should  guarantee  a  horse  power  hour  per  1-1/4 
pounds  good  grade  hard  coal . 

The  test,  hov/ever,  which  is  of  the  greatest  value  v/as  con- 
ducted by  R.  11.  Fernald  at  the  St.  Louis  Exposition.      The  produ- 
cer used  v/as  a  No.  7     R.  D.  Wood  L  Go.  make,  of  about  250  H.P.  | 
The  engine  v/hich  used  the  gas  was  a  three  cylinder,  vertical,  Wes- 
tinghouse  gas  engine  rated  at  235  B.H.P.       This  engine  v/as  belt 
connected  to  a  175  K.V/.  direct  current  generator.      The  energy  I 
was  dissipated  by  water  rheostats.      The  tests  v/ith  a  few  excep- 
tions v/ere  of  30  hours  duration.      The  tents  v/ere  made  to  deter- 
mine the  possibility  of  using  bituminous  coals  in  a  producer  and 

il 

!|    not  to  show  how  efficiently  the  producer  would  burn  bituminous 

! 

I;    coal.      The  results  shov/ed  conclusively  that  soft  coals  can  be 
||    burned  without  difficulty  and  also  that  the  producer  works  very 

efficiently  on  soft  coals. 

The  two  Illinois  coals  tested  gasified  readily  and  gave  no 

trDuble  v/ith  clinker.      By  glancing  at  the  accom.panying  table,  it 

II 

||   v/ill  be  seen  that  one  of  these  coals  gave  a  B.H.P.  per  hour  on 
j|    1.49  lbs.  of  coal  and  the  other  on  1.50  lbs.       This  shows  clearly 
I    that  the  producer  can  gasify  Illinois  coals  with  a  high  degree  of 
economy. 
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V/hile  we  are  particularly  interested  in  v/hat  the  producer 
can  do  v'ith  Illinois  coals,  yet  it  is  interesting  to  look  over 
this  table  to  sec  what  results  v/ere  obtained  with  other  soft 
coals.       It  v/ill  be  noticed  that  a  B.H.P.  per  hour  was  obtained 
in  every  case  v/ith  a  very  small  amount  of  coal  as  com.pared  with 
the  coal  consujned  per  B.H.P.  per  hour  in  the  average  steam  plant 
The  possibilites  of  a  very  high  degree  of  economy  are  shov/n  in 
the  test  of  V/'est  Virginia  No.  4  which  developed  a  B.H.P.  hour  on 
. 99  lbs .  of  coal  . 

This  test  would  lead  us  to  believe  that  the  Wood  producer 
would  satisfy  the  conditions  for  this  plant. 

(b)  THE  V/OOD  PRODUCER.-  The  Wood  Producer  in  itself  is  a  ve 
ry  simple  affair  as  can  be  seen  from  the  accompanying  cut.  It 
consists  essentially  of  a  main  cylindrical  chamber  of  fire  brick 
enclosed  by  an  iron  shell,  an  automatic  feed  device,  a  revolving 
ash  table  and  a  hooded  tube  for  carrying  the  blast  of  steam  and 
air  up  into  the  producer. 

The  ash  table  as  is  shov/n  can  be  revolved  by  turning  the 
cranlc  which  projects  from  near  the  base  of  the  producer.  This 
table  is  made  larger  in  diameter  than  the  bottom  of  the  bosh  and 
is  placed  several  inches  belov/  it,  so  that  the  ash  will  be  readi- 
ly discharged  on  turning  the  table.      The  bed  of  ash  is  kept  a- 
bout  5-1/2  feet  deep  on  the  revolving  table. 

The  hooded  pipe  v/hich  carries  the  blast  of  steam  and  air 
passes  up  into  the  ash  to  a  point  within  about  6"  of  the  coal . 
The  hood  causes  the  steam  and  air  to  be  distributed  radially  and 
uniformly  to  the  fire  above.      The  top  of  this  pipe  should  at  no 
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time  be  allowed  to  proiect  above  the  ashes  into  the  fire.  This 
dividing  line  betv/een  ash  and  fire  can  be  v/atched  through  peep 
holes  provided  for  the  purpose.       (See  cut.) 

The  gas  passes  out  of  the  producer  through  the  large  pipe 
near  the  top. 

The  "Bildt  Automatic  Feed"  v/hich  surmounts  the  producer  con- 
sists of  a  receiving  hopper  belov/  v/hich  is  a  storage  magazine  of 
considerable  size,  and  through  this  magazine  pasr.es  a  smiall  vor- 
tical shaft  v/ith  the  distributor  plate  fastened  to  its  end.  The 
shield  or  hood  which  encloses  the  distributor  plate  and  also  forms 
the  base  of  the  -inagazine,  is  cooled  by  a  v/ater  jacket  as  shovm. 
The  \Yater  jacket  serves  the  further  purpose  of  sealing  the  joint 
between  the  producer  and  the  hood  thus  preventing  leakage  of  gas 
at  this  point.      There  are  peep  holes  in  the  side  of  the  m^agazine 
for  inspection, or  for  the  insertion  of  rods.      The  receiving  hop- 
per above  the  m.agazine  is  keyed  to  the  distributor  plate  shaft 
and  is  rotated  by  the  worm,  and  worm,  wheel  as  shovm.      The  rate  of 
coal  discharge  is  regulated  by  a  variable  speed  of  distributor 
plate  and  by  raising  or  lowering  the  distributor  plate,  by  means 
of  the  nut  at  the  top  of  the  shaft.      The  distributor  plate  is  so 
constructed  as  to  give  a  spiral  distribution  of  the  coal  over  the 
entire  surface  above  the  fire.      In  operation  the  magazine  can  be 
filled  \7ithout  serious  loss  of  gas  if  it  is  done  while  there  is 
still  some  coal  left  in  the  bottom  of  the  magezine  to  prevent  the 
escape  of  any  large  volume  of  gas . 

(c)  PURIFIERS  AIJD  OTHER  AUXILI/iRY  APPARATUS.-  The  gas  leaves 
the  producer  through  a  large  pipe  near  the  top  of  the  producer  and 
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enters  the  economizer.      The  econonizer  consists  merely  of  a  cy- 
lindrical iron  shell  inside  of  v/hich  are  several  large  pipes. 
The  gas  passes  through  these  pipes  and  imparts  some  of  its  heat 
to  the  air  filled  outer  chanlDcr .      This  hot  air  is  used  for  the 
blast  in  the  producer  and  is  sucked  out  of  the  economizer,  by 
means  of  a  steam  jet  blower,  and  up  onto  the  producer.  The 
steam  for  jet  blov/er  is  furnished  by  a  small  steam  boiler. 

The  gas  leaves  the  economizer  and  enters  the  bottom  of  the 
coke  scrubber.      The  scrubber  is  filled  v/ith  coke  and  is  constant- 
ly flushed  by  a  jet  of  water  v.'hich  is  sprayed  in  from  the  top  . 
The  gas  deposits  here  most  of  its  dirt  and  solid  matter  except 
that  most  of  the  tar  remains. 

From  the  scrubber  the  gas  passes  through  the  tar  extractor. 
The  mechanical  construction  of  this  piece  of  apparatus  can  not  be 
given  as  it  is  carefully  guarded  by  the  makers.      However,  in  ex- 
ternal appearance  it  resembles  a  centrifugal  pujnp  and  works  on  the 
same  principal  as  a  cream  separator.      That  is  the  gas  is  revolved 
at  a  high  rate  of  speed  and  the  tar  and  heavier  foreign  matter  is 
thrown  to  the  outer  casing  of  the  machine  where  it  runs  down  to 
the  bottom  and  is  drained  off  through  a  small  pipe. 

The  gas  next  passes  through  a  purifier  which  is  a  rectangular 
iron  box  containing  several  layers  of  oxidized  iron  filings  and 
shavings.      This  extracts  the  sulphur,  moisture  and  remaining  im- 
purities and  completes  the  purification  of  the  gas. 

The  gas  enters  the  holder  after  leaving  the  purifier.  The 
holder  is  under  pressure  and  thegas  flows  from  it  to  the  engines 
as  is  required. 
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VI. 

DESCRIPTION  OF  PL/J\tt  . 

(a)  Referring  to  Plate  I  it  v;ill  be  seen  that  the  building 
consists  of  two  parts,  a  producer  room  in  the  west  end  and  an  en- 
gine room  in  the  east  end  of  the  building.      On  the  south  side 
are  the  Big  Four  tracks  v/ith  plenty  of  room  to  run  in  a  sv/itch  ^ 
track,  over  v;hiGh  coal  can  be  brought  to  the  producer  room.  To 
the  north  of  the  building,  between  it  and  the  road,  is  the  gas 
holder  and  the  cooling  tov/er. 

(b)  PRODUCER  ROOM.-  In  Plate  II  v/ill  be  found  a  plan  of  the 
producer  room.      Along  the  south  side  of  this  room  is  a  large 
coal  bin.      The  coal  is  brought  to  the  bin  over  the  sv/itch  track, 
already  mentioned,  and  is  elevated  by  a  conveyor  to  the  charging 
car  which  in  turn  carries  it  to  the  producers  as  needed.  North 
of  the  coal  bin  and  along  the  v/est  v/all  is  located  the  No.  8  pro- 
ducer and  in  line  v/ith  it,   in  the  order  nar.iedjis  the  economizer, 
the  scrubber,  the  tar  extractor  o,nd  the  purifier.      There  are  tv/o 
other  lines  of  producer  apparatus,  differing  from  that  just  des- 
cribed only  in  that  the  producers  are  number  sevens  and  not  num- 
ber eights.      Along  the  east  v/all  of  the  room  is  a  fourth  rov/  of 
apparatus  consisting  of  an  economizing  chamber  to  heat  the  air 
for  the  boilers,  a  vertical  boiler,  a  well  and  a  v/ater  supply 
tank,  a  compressed  air  holder  and  a  gas  meter.      The  boiler  is  of 
the  vertical  type  and  is  about  16  horse  poiver  capacity.      The  feed 
v/ater  for  this  boiler  is  taken  from  the  gas  engine  jackets,  thus 
saving  considerable  heat  v/hich  \7ould  have  been  lost  in  the  engine 
exhaust.      More  of  the  heat  from  the  exhaust  gases  is  saved  in  the 
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economizing  Gham"ber  where  the  air  for  the  boiler  is  heated. 

The  suriply  tanlv  is  8  feet  in  diameter  by  8  feet  high  and  is 
supr)orted  by  a  steel  tower,  tv/enty  feet  high.       The  tank  is  fed 
by  a  4"  centrifugal  pump,  electrically  driven,  and  capable  of  sup- 
plying all  the  water  needed  for  the  entire  plant.      The  tanlc  will 
also  furnish  pressure  for  the  entire  system. 

All  the  waste  water  from  scrubbers  and  other  apparatus  is 
led  away  through  channels  in  the  floor. 

Along  the  walls  are  v/ater  pipes  from  v/hich  leads  are  carried 
dov/n  to  about  four  feet  from  the  floor,  so  that  hose  can  be  at- 
tached for  use  in  cleaning  or  in  case  of  fire.'* 

In  one  corner  of  the  room  are  toilet  and  locker  rooms  for  the 
use  of  the  v/orkmen. 

Plate  III  v;hich  is  a  end  view  of  the  producer  room  shows  the 
arrangement  of  the  a-pparatus  just  described  and  gives  an  idea  of 
the  relative  size  of  producers  and  other  apparatus. 

(c)  ENGINE  ROOM.-  Plate  IV  gaves  a  plan  of  the  engine  room 
and  locates  the  engines,  pnmps,  air  compressor,  etc.      The  engines 
are  set  in  a  row  ten  feet  from  the  south  wall  and  have  aisles  ten 
feet  wide  between  them.      At  the  end  of  the  100  II. P.  engine  is  a 
5  K.P.  compressor  to  supply  air  for  starting  the  engines.  The 
compressor  is  connected  to  an  air  pressure  storage  tanlc  which  is 
in  the  producer  room.      At  the  end  of  each  of  the  200  H.P.  engines 
is  a  small  centrifugal  pump  used  for  circulating  v/ater  through  the 
engine  jackets,  out  to  the  cooling  tower  and  back  to  the  engine 
jackets . 

Office,  stock,  repair,  instrument,  locker,  and  toilet  rooms 


18. 


are  all  locatsd  along  the  north  side  of  the  room. 

In  order  to  facilitate  the  handling  of  heavy  parts  of  engine 
and  dynamos, a  ten  ton  traveling  crane  spans  this  room, 

(d)  PRINCIPAT.S  DIMENSIONS  Aim  DATA  OF  AUXILIARY  GAS  PRODUCER 
POY/ER  PLANT  FOR  THE  UNIVERSITY  OF  ILLINOIS. - 
Building 

Ground  area  in  square  feet   10760. 

Dimensions  in  feet  (av.  )  163  x  66. 

Producer  Roon. 

Ground  area   4820. 

Dimensions    73  x  66. 

Height-  main  "bay  (av.)  32. 

"       -  side  bay   23. 

Engine  Room . 

Ground  area   5940. 

Dimensions    66  x  90. 

Height-  at  eaves   20. 

"     -  at  ridge   30. 

Producers 

Type  R.  D.  Wood  &  Go.  . 

Number-  one  No.  8-  two  No.  7-  5. 

Rated-  No.  8   550  H.  P. 

"     -  ^-'o-  7   200  K.  P. 

Total  H.  P   750. 

Inside  Diameter-  No.  8   8». 

External  Diameter-  No.  8   10 »  . 

Inside  Diameter-  No.  7    7'. 
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External  Diamster-  No.  7   8'   -  6". 

Height  of  No.  8-  including  Bildt  Peed  24'. 

"        "     No.  7-  "  "        "   23'  . 

Economizers  > 

Niim'ber  v/anted  

External  Diameter  '5*  • 

Heio-ht  IS'  • 

Scru"b"bers . 

Number  v/anted  3. 

External  Diameter  8'  • 

Height  20'  . 

Purifiers . 

Number  v/anted  3. 

Area-  8'  x  8'    64. 

Height  3'. 

Tar  Extractors . 

Number  wanted    3. 

Diameter-  approximately   4'  . 

Boiler. 

Type   Vertical . 

Diameter   8 '  . 

Height  20'. 

Y/ater  Supply  Tank . 

Number  v/anted  1. 

External  Diameter    8' . 

Height   8'. 
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Gas  I.Ieter* 

Typ e   V/G  G  t  i  n o;h OUG  G . 

Size  18'  • 

Pumps . 

FeGd  V/o.tGr  Pump-  Type  Centrifugal. 

Size  4". 

Capacity  (gallons  per  minute)    392. 

Circulating  pumps-wanted    1. 

Size  3". 

Capacity  (gallons  per  minute)      300. 

Compressor. 

Type   IVestinghouse . 

Rated  5H.P. 

Compressed  Air  Tank . 

External  Diameter  3'  . 

Height  8'. 

Pressure- ( pounds  per  sq.  in.)   200. 

Generators . 

Type    A.G.-  Direct  Connected-  Westinghouse . 

Capacity  (kilov/atts)   525. 

Voltage   1000. 

Engines . 

Number  v/anted-  3,  200  H.P.-  1,   100  H.P  4. 

Type  V/estinghouse  Vertical,  Single  Acting, 

Three  Cylinder,  Direct  Connected  . 

Length  of  200  H.P.  Engine  end  Generator  22'-  9". 

Width  of  200  H.  P.      "  "  "    8'-  S". 


Height  of  200  H.P.  Engine  and  Generator  12 '-10". 

Length  of  100  H.P.        "        "  "   16'-  9". 

Width  of  100  H.P.  "        "  "    6'-  9". 

Height  of  100  H.P.         "     .    "  "   10'-  5". 

Crane . 

Capacity  10  tons. 

Span  47  feet. 

Stack. 

Type  Steel. 

Height-  (ahove  floor  line)    45'. 

Inside  Diameter    1' . 

Coal  Handling  Llachinery . 

Type  Hunt  Conveyor. 

Capacity   5  ton  per  hour. 

Gas  Uain  to  Holder   24". 

Leads  to  Main   18" . 

Exhaust  Gas  Main   24". 

Main  to  Engine   15" . 

Compressed  Air  Load   2". 

Jacket  V/ater  Main   4". 

Peed  Pipe-  Water    3". 

Lead  Pi^e  to  Jacket  and  Pump   2". 
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VIII. 

SPECIFICATIONS. 


Contents 

I.  -  Generators  .-ind  Engines  to  furnish  600  H.P.  at  switch 
hoard . 

II.  -  Producers  and  auxiliary  apparatus  to  furnish  gas  to  700 
H.P.  of  engines . 

III.  -  Vertical  fire  tube  boiler  of  IG  H.P.  capacity. 

IV.  -  Economizing  chamber  for  boiler, 
v.-  Water  supply  tank. 

VI.  -  Coal  handling  machinery. 

VII.  -  Pumps. 

VIII.  -  Piping  for  steam,  v/ater  and  exhaust  gases. 

IX.  -  Air  Compressor. 

X.  -  Crane  for  engine  room. 

XI.  -  Cooling  tower. 

XII .  -  Gas  holder. 
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SPFJCIPIOATIONS  FOR  M 
AUXILIARY  GAS  PRODUCER  POWER  PLAINT 
FOR  THE  UNIVERSITY  OF  ILLINOIS. 

Specifications  for  natorial  and  labor  required  in  the  con- 
struction o,nd  inctallation  of  an  Auxiliary  Gas  Producer  Pov;er 
Plant  for  the  University  of  Illinois,  Urbana,  111. 

Prepared  "by  C.  E.  Skelley  and  A.  B.  Shipman,  consulting  en- 
gineers, 506  Springfield  Ave.,  Champaign,  111. 


GENERAI.  DESCRIPTION. 

Location. -  The  v/ork  herein  specified  is  for  the  University 
of  Illinois  and  the  plant  is  situated  in  Urbana,  one  half  mile 
north  of  the  Universitj^  on  the  line  of  the  G.C.G.  &  St.L.  R.R. 

Return  of  Plans . -  All  plans  and  specifications  are  to  be  re- 
turned to  this  office,  506  Springfield  Ave.,  Champaign,  111.,  as 
they  are  the  property  of  the  University. 

Drawings .  -  Plates  No.  I,  II,  III,  IV,  V  give  general  arrange-  \\ 
ji'   ment  of  producers,  coal  bunkers,  coal  handling  machinery,  piping, 
boiler,  purifj^-ing  apparatus,  engines  and  miscellaneous  fixtures. 

Supervision  of  \York  and  Materials . -  The  consulting  engineers 
v/ill  have  general  supervision  for  the  University,  over  all  mate- 
rials and  v/ork  and  have  the  pov/er  to  reject  any  defective  material 
or  work. 

Omissions . -  Any  work  drav/n  and  not  specified  or  specified 
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and  not  drawn  or  mentioned,  necesnary  to  the  satisfactory  complG- 
tion  of  the  work  is  to  be  done  without  extra  char^re . 

Damap;e  hy  Accidents .  -  The  contractor  shall  put  up  and  main- 
tain barriers  andred  lights  such  as  will  prevent  accidents.  He 
Y/ill  be  held  liable  for  all  damages  resultinr;  from  his  neglect  or 
that  of  his  agents  or  employees. 


PART  I. 

Specifications  for  700  K.P.  Engines  and  Generators . 

The  engines  are  to  be  of  the  V/estinghouse ,  three  cylinder, 
vortical  type  of  special  design  for  the  use  of  producer  gas  and 
they  are  to  be  direct  connected  to  the  generators  .      There  shall 
be  one  (l)   100  H.P.  engine  connected  to  a  75  Iv.V/.  generator,  and 
three  (3)  200  H.P.  engines,  each  connected  to  a  150  II.V/.  genera- 
tor . 

Generators  are  to  deliver  a  total  of  525  K.V/.  at  a  terminal 
pressure  of  1000  volts  and  should  be  capable  of  standing  at  least 
a  25^  overload.      Generators  shall  be  wired  complete  to  a  switch 
board  and  v.'ork  must  be  guaranteed  safe  and  of  sufficient  capacity 

Engines  and  generators  are  to  be  delivered  and  set  in  plant 
on  first  class  concrete  foundations,  located  as  shown  in  drawings 

All  piping  and  connections  from  gas  holder  to  engines  shall 
be  furnished  by  contractor.      This  piping  shall  be  tested  up  to 
100  lbs.  pressure  in  the  presence  of  the  engineers. 

A  gas  meter  of  sufficient  capacity  and  of  approved  make  (V/es- 
tinghouse v/ill  be  approved)  shall  be  furnished  by  contractor. 
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P/J^T  II. 

Specifications  for  Producers  and  Auxil iary  Apparatus . 

Producers  are  to  be  of  the  R.  D.  Wood  make;  one  (l;  No.  8 
and  t\70  (2)  No.  7.  To  accompany  these  producers  are  three  (3) 
economizers,  three  (3)  scrubbers,  throe  (3)  tar  extractors  and 
three  (3)  purifiers  of  sufficient  capacity  to  deliver  pure  gas  to 
the  holder  when  producers  are  run  at  normal  load.  Each  producer 
shall  be  fitted  up  v.ath  a  "Bildt  Automatic  Feed"  device  and  a  re- 
volving ash  table. 

These  producers  and  auxiliary  apparatus  shall  be  delivered 
and  erected  upon  first  class  concrete  foundations  in  the  producer 
room;  location  of  foundations  shovm  in  dra\7ings . 

All  the  necessary  piping,  connections,  valves,  etc.  used 
from  producer  to  gas  holder  and  for  drips  shall  bo  included  in 
this  bid. 

The  system  shall  be  tested  for  leaks  to  100  lbs.  pressure  in 
the  presence  of  the  engineers. 

There  are  to  be  three  (3)  ten  and  three  (3)  seven  horse  po- 
v/er  induction  rnotors;  three  to  be  direct  connected  to  the  tar 
extractors  and  three  to  be  located  on  charging  floor  and  to  be 
belt  connected  to  the  automatic  feeds  on  the  producers. 

The  necessary  transformer  to  step  dov/n  the  voltage  for  use 
in  these  motors  shall  be  included  in  the  bid. 
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P/lRT  III.  ! 
Specifications  for  16  H. P.  Vertical ,  Fire  Tube  Boiler.  \ 

There  is  to  "be  one  (1)  16  H.P.,  vertical,  fire  tube  boiler. 
The  boiler  is  to  be  supplied  v/ith  all  the  usual  fittings  and  fix- 
tures  of  proper  size  and  strength.       The  boiler  is  to  be  delivered  ' 
and  erected  in  producer  room,  on  a  suitable  foundation  to  be  ap- 
proved by  the  engineers  .  II 

This  bid  shall  also  include  one  (1)  steel  smoke  stack,   1  ft. 
in  diameter  by  45  ft.  high. 

'! 
I 


P/JiT  IV. 

Specifications  for  Economizing  .Chamber . 

There  shall  be  one  economizing  chamber  for  heating  air  for 
boiler,  having  a  base  8*  x  6'   and  6'  high. 

Bidder  must  submit  plans  and  drav/ings  to  engineers  for  ap- 
proval . 


PART  V. 

Specifications  for  Water  Supply  Tanic . 

There  shall  be  one  (l)  \7ater  supply  tank,  8  ft.   in  diameter 
by  8ft.  high.       It  shall  be  mounted  on  a  steel  tov/er,  20  ft.  high 
and  be  of  ample  strength  to  support  tank  filled  v/ith  v/ater. 
Tank  shall  be  provided  v/ith  such  connections  as  are  shown  on  dra\7- 
ing.       Tank  and  tov/er  shall  be  delivered  and  set  in  place  in  pro- 
ducer room . 
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PART  VI. 

Specif  icr.tlons  for  Coal  Kr.ndlin,n;  I.Iachinery . 

Thers  shall  be  a  coal  hoist  capahle  of  elevating  5  tons  of 
coal  per  hour  from  coal  "bin  to  charging  car.       (Hunt  hoist  will 
be  approved.)       The  hoist  is  to  he  driven  by  a  direct  connected 
induction  notor  at  top  of  shaft.       This  apparatus  shall  be  deli- 
vered and  erected  in  producer  room. 


PART  VII. 

Specifications  for  Centrifugal  Pujips . 

There  shall  be  one  (1)  centrifugal  pum.p,   (R.  D.  Wood  Go. 
No,  4),  capacity  392  gallons  per  minute,  and  one  (l)  centrifugal 
pump  (R.  D.  V/ood  &  Co.  No.   3),  having  a  capacity  of  225  gallons 
per  minute.      Pump  No.  4  is  to  be  driven  by  a  10  H.P.  induction 
motor,  direct  connected.      Pump  No.   3  is  to  be  driven  by  a  6  PI.  P. 
induction  motor  direct  connected. 

Pumps  and  motors  are  to  be  delivered  and  erected  on  suitable 
foundations  to  be  approved  by  the  engineers. 


PART  VIII. 

Specifications  for  Piping  for  Steam ,  Y/ater  and  Exhaust  Gases  . 

The  contractor  is  to  furnish  all  piping,  valves,  tees, 
crosses,  and  ells  for  steam  from  point  K  at  producer  inlet  to  and 
including  steam  valve  on  boiler;  also  all  piping,  etc.,  from  air 
compressor  to  air  tank  and  from  air  tank  to  inlet  valve  on  engines 
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also  all  piping,  valves,  fittings,  etc.  for  water  conveyance  from 
supply  tank  to  engines,  boilers,  toilet  rooms,  cooling  tower,  etc ^ 
according  to  drav/ings .      The  contractor  shall  also  furnish  piping, 
valves,  and  connections  for  exhaust  gases  to  economizer  and  from 
there  to  the  outside  atmosphere. 

All  air  piping  is  to  be  extra  heavy  and  is  to  be  tested  by 
v/ater  pressure  up  to  300  lbs.      All  v/atcr  piping  is  to  be  tested 
up  to  100  lbs.  water  pressure.      All  steam  piping  is  to  be  tested 
up  to  75  lbs.  hydraulic  pressure  for  leaks. 

All  changes  made  necessary  by  any  changes  of  plans  for  piping 
shall  be  made  v/ithout  extra  charges,  providing  it  does  not  involve 
the  use  of  any  extra  material.      The  contractor  shall  furnish  any 
extra  labor  or  material  at  a  price  agreed  upon  by  both  parties 
and  stated  in  v/riting  before  work  is  begun. 

Sizes  and  lengths  of  all  above  mentioned  piping  are  shown  on 
drawinn-s  . 


P/iRT    IX . 
Specifications  for  Air  Compressor . 

The  air  compressors  shall  furnish  5  cu.  ft.  of  air  per  min- 
ute at  200  lbs.  gauge  pressure  and  shall  be  gas  driven.  The 
compressor  and  engine  is  to  be  delivered  and  erected,  v/ith  neces- 
sary gas  piping,  in  engine  room. 

Contractor  shall  also  furnish  and  erect  a  compressed  air 
tank  3  f t .  in  diameter  by  8  ft.  high. 
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Pi\RT  X. 

Specif ications  for  Crane  for  Enp;ine  Room . 

The  crane  shall  "be  of  the  traveling  type  of  10  ton  capacity, 
\7ith  span  of  47  ft.  from  center  of  track,  to  center  of  track. 
The  necessary  motors  for  driving  crane  shall  be  furnished  v/ith  the 
crane.      The  track  shall  be  furnished  and  installed  by  the  con- 
tractor . 


PART  XI. 

Specifications  for  Cooling  Tower . 

The  cooling  tower  shall  be  14  ft.  high  having  floors  every 
2  ft.       The  top  floor  shall  be  24  ft.   long  by  16  ft.  wide.  The 
lov/er  floor  shall  be  36  ft.  long  by  24  ft.  v/ide .      These  floors 
are  to  be  made  of  one  inch  lujnber.      The  tov/er  is  to  be  set  in  a 
concrete  basin,  4C  ft.  long  by  28  ft.  v/ide  by  1  ft.  deep. 


PART  XII. 
Specifications  for  Gas  Holder. 

There  shall  be  one  (1)  gas  holder,  30  ft.   in  diameter  by  20 
ft.  high.      This  holder  shall  be  delivered  and  erected  at  plant 
on  such  foundation  as  is  necessary. 
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CALCULATIONS  AITO  ASSUlvIPTIONS . 

The  follov/ing  are  the  calculationc  upon  v/liich  the  choice  of 
sizes  of  apparatus  v/as  made. 

Engines  and  Generators . 

Required  at  switch  "board   600  H.P. 

Assumed  efficiency  of  en^^ines  and  generators  85%, 

Required  in  engines,   600  +  .85  =  700  H.P. 

Three  200  H.P.  and  one  100  H.P.  engines,  a  total  of  700  H.P. 

Producers .  -  From  advice  of  the  R.  D.  V/ood  &  Co.  and  data  at 
hand  tv/o  No.  7  and  one  No.  8  producer  will  supply  necessary  gas 
for  engines.      Sizes  of  purifying  apparatus  are  such  as  usually 
supplied  v/ith  the  producers.      Gas  holder  is  of  size  usually  in- 
stalled v/ith  given  capacity  of  producers. 

Water  for  Plant. 

Required  to  wash  1000  cu.  ft.  of  gas  5  gals. 

Gas  required  per  hr.  "by  engines   84000  cu.  ft. 

Water  to  scruh  total  gas  per  hr   420  gals. 

Per  cent  of  heat  taken  up  by  jacket  v:ater  of  engines     .   .  40/y. 

Degrees  change  in  temp,  of  cooling  v/ator   50. 

Total  heat  required  per  hour  in  gas   8,400,000  B.T.U. 

Jacket  v/ater  per  hour    8050    gals . 

Total  vrater  for  scrubbing  and  cooling  per  rain.     .   .       141  gals. 

In  order  that  the  pump  shall  furnish  all  v/ater  needed  at  all 
times  such  as  may  be  needed  for  scrubbing  gas,  cooling  engine  cy- 
linders and  all  other  purposes  about  plant,  also  for  future  ex- 
tension of  plant  andr-hut  down  of  pump,  it  was  decided  to  install 
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a  pump  capable  of  furnishimr  a^bout  three  times  the  amount  men- 
tioned above.      R.  D.  V/ood  &  Co  . '  s  catalogue  give  392  gals,  per 
minute  for  a  4"  pujPxp .       This  v/ill  be  used. 

In  order  not  to  overv/ork  the  v/ell,  the  jacket  v/ater  is  cooled 
and  requires  circulating  pumps.       Of  this  cooling  water  there  is 
about  1"5  gallons  per  minute.      After  consulting  table,  catalogue 
1,  No.  3  v/as  chosen. 
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